ABSTRACT -The standardization of inter-laboratory results of germination test of forest species seeds requires that the methods be robust. Therefore, the objective was to compare and discuss, through the coefficient of variation for normal seedlings, the variabilities present in the process of validation methods obtained in the germination test for seeds of 20 species of the family Fabaceae. Coefficients of variation for the experiment by lot and by laboratory were calculated for normal seedlings from the statistical analysis of method validations. For normal seedlings of 20 Brazilian forest species, the coefficients of variation are low (up to 9.84%), to average (up to 17.66%), contrary to expectations due to high genetic variability in these barely improved species. The increase of the coefficient is not related to treatment for breaking dormancy, but it grows as the lot quality decreases. The high coefficients by laboratory, overestimated by the lot effect, are uniform indicating that the methods are repeatable. The coefficient is not an indicator capable of predicting the heterogeneity of model variance. As normal distribution models random events, randomness is present in the validation process of the 20 forest species of the Fabaceae family.
Introduction
Native species seed trading is still new compared to cultivated seed trading, due to the lack of supervision and the informality of the sector, thus, producers end up using seeds that they have collected themselves (Gonzáles and Torres, 2003) . From 2001, the production of native seedlings boosted from the mandatory restoration of areas on farms (Lorza, 2009) .
With a new perspective of plant resources, particularly in regard to forestry, Law No. 10.711/2003 (Brasil, 2004 has established a new phase and outlook for the sector of production and marketing of forest seeds and seedlings (Iede, 2005) . Among the prospects, germination test standardization stands out.
Germination involves a sequence of biochemical, morphological and physiological events (Nonagaki et al., 2010) , simplified in initial processes, such as seed imbibition, activation of metabolism (biochemical method), and ending in root protrusion (Labouriau, 1983 ; Nonagaki et al., 2010) . The quantification and characterization of germination by seed technologists are determined by the development of embryo structures (Brasil, 2009; Nonagaki et al., 2010; ISTA, 2011) .
There are several contributions to the standardization of laboratory procedures for analysis of forest seeds (Wielewicki et al., 2006; Brüning et al., 2011) , however, with no assessment of replicability. The interest in standardization arises from the need to accurately determine the quality of seeds (Wielewicki et al., 2006) . However, the fragmentation of information and the inconsistent reporting of the germination process, sometimes only measured by the number of germinated seeds, hinder the inclusion of a method into official rules (Santana et al., 2012) , added to the difficulty of meeting principles of metrology (Kataoka et al., 2011) .
It is noteworthy that in the Rules for Seed Testing, in its latest issue (Brasil, 2009) , there are methods proposed for germination tests in 1365 species. Of these, just over 276 are forest and shrub species (Ferraz and Calvi, 2011) , mostly not native to Brazil. In order for a method for germination test to be validated and included in the official rules, procedures proposed by ISTA (2007) must be followed. It is a collaborative process between the laboratories, to ensure that the procedure provides reliable and reproducible results. To be validated, the method has to have accuracy, robustness, reproducibility and repeatability (Kataoka et al., 2011) . The manual of ISTA brings statistical techniques that are widely used and robust, but that do not restrict innovation. As the process involves a factorial design, consisting of laboratories and plots, one of the measures of statistical precision that can be used in the evaluation of the process is the coefficient of variation (CV). This measure allows the comparison of accuracy among experiments without the need to have equal units (Amaral et al., 1997) , for characterizing the relative dispersion of data in relation to the mean value (Santana and Ranal, 2000) .
To study the coefficient of variation of the same character in different experiments, the researcher must have experience with the variable (Steel and Torrie, 1980) , although bands for classification have been proposed (Pimentel-Gomes, 2000) . However, this classification is too broad and does not consider the peculiarities of the species studied, and mainly makes no distinction as to the nature of the trait (Garcia, 1989; Costa et al., 2002) .
Several articles have demonstrated the need to establish the limits for classification of CV for agricultural crops of interest (Amaral et al., 1997; Costa et al., 2002; Carvalho et al., 2003) , for forage species (Ambrosano and Schammas , 1994; Clemente and Muniz, 2002) and for the silvicultural characters of forest species of the genus Pinus and Eucalyptus (Garcia, 1989) . For forest seeds, there is no rating scale; the measure is only used to ascertain the reliability of the experiment. The aim was to compare and discuss, through the coefficient of variation for normal seedlings, the variability present in the process of validation of methods obtained in the germination test of seeds of 20 species belonging to the family Fabaceae.
Material and Methods
The study used data from the process that resulted in the validation of methods for testing the germination of seeds of 20 tree species of the family Fabaceae. The family Fabaceae was chosen on the basis of available literature on dormancy and germination of seeds, and the availability for purchase, donation and seed collection. The details of the method with information on pre-germination treatments, scores, substrate, temperature and photoperiod are in Table 1 . Before the formation of lots, number of samples in seven to 16 (Table 1) were formed from seeds of at least five sources, with at least four matrices. The plots, at least three, were formed by mixing the samples with seed quality physiological to generate similar variability, as well as similarity in size and shape. In lots of randomization sent to each lab (minimum six per species) were provided for four eight replications of 50 seeds, totaling 200 and 400 seeds, respectively. Moreover, even the laboratories have evaluated several features of germination of normal seedlings was examined only for purposes of validation.
In a preliminary analysis the test of Box-plot was applied, eliminating the outliers, known as "outliers" according to the Manual of Validation (ISTA, 2007) . To test the assumptions of the variance analysis model, the Shapiro-Wilk test was used for the normality of model residuals, and Levene for the homogeneity of variances, both at 0.01 significance level. When both assumptions were met, the F test of Snedecor was applied, also at 0.01 of significance for the main effects (plot and lab) and for interaction. When at least one of the assumptions was not met, the percentage of normal seedlings were transformed by arcsine √ and assumptions were tested again. From the model of analysis, the experimental coefficient of variation was determined by the equation: CV experimental = √ ̅ 100 ; where QMR: is the mean square of the residual, and ̅... : is the general mean of the experiment. ¹Detergent: ratio of five drops per 100 mL of water, from 5 to 10 minutes, followed by tap wash and then left in distilled water for 3 minutes; ² NaClO: after sterilization with sodium hypochlorite seeds were washed in tap water to remove excess solution and then immersed in distilled water for 3 minutes; ³ The sandpaper number indicates the mean mineral grain size with which the sandpaper has been manufactured, where the higher the number, the smaller the grain size, and the thinner the sandpaper (composition of sandpaper: paper plating, aluminum oxide and adhesive, iron sandpaper composition: tarp plating, aluminum oxide and resin).
Results and Discussion
The synthesis of the statistical analysis of the seed germination test method validation of 20 native species of the family Fabaceae showed no significant laboratory effect, as well as interaction, and significant plots for the percentage of normal seedlings for all species (Table 2 ). The biggest impact of this result was the finding that even when seeds were subjected to specific pre-germinal treatments, such as clipping (lopping), and scarification, among others, the results were similar in different laboratories. According to the Manual of Validation of the International Seed Testing Association (ISTA, 2007) , the goal of validation is to obtain comparable results among laboratories. The F statistics for the main effects and interaction were applied without neglecting the residual normality assumptions of the model and the homogeneity of variances. The statistical analysis The experimental coefficients of variation (CV) (model with main effects and interaction) for normal seedlings were low (up to 9.84%) to medium (up to 17.66%), with no records of high CV (20 <CV ≤ 30%) nor very high (CV> 30%) ( Table 3) . The low and medium values of CV sensu Pimentel-Gomes (2000) showed accuracy in the variation of repetitions of same laboratory and plot combination, thus, it can be inferred that the proposed methods for testing the germination of the seeds of these species had repetitiveness. Residual normality assumptions and homoscedasticity were treated to the percentage of normal seedlings for all species, some with data transformation of the angular type. Species with low coefficients of variation for normal seedlings, such as Acacia polyphylla, Enterolobium contortisiliquum and Mimosa caesalpiniaefolia, showed heterogeneous variances and therefore required transformation (Table 4) . However, species with the highest coefficients of variation were Mimosa scabrella, Dalbergia miscolobium and Ormosia arborea with 15.32 and 17.40 and 17.66%, respectively; variances were homogeneous with the original data and did not require data transformation. This revealed that the CV was no evidence capable of predicting the heterogeneity of variances and, consequently, there is a need to transform data.
Data transformations reduce the scale of values and thus are more appropriate where the problem is heterogeneity of variances and not normality, since the latter reflects the behavior of the species (Santana and Ranal, 2000) . Thus, meeting the assumption of normality is a desirable goal, but not the main one, because of the robustness of the linear models to non-normality, however sensitive to heteroscedasticity (Faraway, 2006) . In the literature, several transformations have been suggested for data expressed as proportions or percentages (Piepho, 2003) and aim to break the dependency between mean and variance, which is characteristic of this type of variable (Santana and Ranal, 2000) . When used arbitrarily, it results in undesirable effects, since there is no guarantee of the non-violation of the assumptions of the analysis of variance model (Sileshi, 2012) . In addition, a transformation that corrects the violation of an assumption could result in the violation of another (Sileshi, 2007) . Of the 20 native species, only Peltogyne confertiflora presented residuals with non-normal distribution for the percentages of normal seedlings. Once transformed, the characteristic met the assumption (Table 3) . However, some authors have reported that non-normality is prevalent in ecological data (Warton and Hui, 2011) and will likely be the rule and not the exception in germination (Sileshi, 2012) . Unlike most major crops, native forest species have great genetic diversity (Sarmento and Villela, 2010) . Forest trees mostly reproduce by crosses; they occupy large geographical areas and different "habitats", they are then expected to have high levels of genetic variation (Hamrick and Loveless, 1986) . In fact, studies on the reproductive systems of tropical tree species, by isozymes, have shown that the vast majority is alogamous or have mixed system, predominantly alogamous (Murawski, 1995) . Their wide geographical distribution, type of reproduction and interactions between genetic and environmental factors lead to great diversity, also noted in the physiological characteristics of seeds and in their germination process (Rego et al., 2005) . Normal distribution essentially shapes random events, which individual occurrence does not follow rules or standards. Because they do not have genetic improvement and are susceptible to several environmental factors, randomness was present in the germination test method validation process of 20 species, justifying the normal distribution of residuals. In summary, research has proved theory. Santana et al. (2012) , when working on validation of methods for testing the germination of seeds of 10 species native to Brazil, have found that for all species the model residuals for normal seedlings had normal distribution and variances were homogeneous. The F statistic showed no differences in the percentage of normal seedlings among laboratories, nor interaction between laboratory and plot, only differences in the percentages of plots were noted (Table 2 ). In fact, plots were formed to provide different percentages of normal seedlings, which was confirmed by analysis of variance. It is consistent that seeds from plots with different qualities tend to have different responses to the method (Oliveira et al., 2005; Kataoka et al., 2011) . Martins and Nakagawa (2008) found that plots may respond differently to pre-germination treatments. However, the methods have been extensively tested and validated after proved to be robust, ie efficiency ought to be maintained regardless of plot quality. The ideal method should withstand adverse conditions of application and be also precise and accurate for detecting subtle differences in quality (Waeny, 1980) . Accordingly, one should prioritize treatments for breaking efficient cutaneous dormancy, which are independent of plot origin (Smiderle and Souza, 2003; Borges et al., 2004) .
Except for Acacia polyphylla, Anadenanthera macrocarpa, Dalbergia miscolobium, Parapiptdenia rigida and Peltogyne confertiflora, which have not had dormant seeds, the seeds of other species underwent treatments to overcome dormancy. The methods of seed dormancy overcoming did not cause great variations among repetitions, considering that coefficients of variation were medium sensu (Pimentel-Gomes, 2000) , reaching a maximum of 17.66% (Table 3) . No difficulty of standardizing expected, due to differences in the intensity of scarification and lopping, control of heat treatment temperature, among other factors, was found.
The coefficients of variation per plot were below 10% for high quality plots of twelve species, and over 20% for low-quality plots of nine species (Table 4 ). This result indicated that as plots quality decreased, the classification of normal seedlings became doubtful and coefficients of variation increased. Kataoka et al. (2011) noted that plot coefficient of variation for seeds in advanced stages of deterioration, ie, lower quality, showed the highest values. Although, normal seedlings of Mimosa caesalpiniaefolia and Peltogyne confertiflora, with dormant and non-dormant seeds, respectively, had plot coefficients of variation below 10% regardless of quality. Still on the coefficient of variation per plot (Table 4) , no significant relationship was found between the coefficient of variation and treatments for breaking dormancy, because even species with non-dormant seeds, such as Anadenanthera macrocarpa and Dalbergia miscolobium, showed high coefficients of variation (from 20 to 30%) for low quality plots. Similarly, Schizolobium parahyba var. amazonicum, a species which seeds have high degree of tegumentar dormancy, had the lowest coefficient of variation per plot, 1.66% for normal seedlings from the plot of higher quality.
The coefficients of variation estimated by laboratory (Table 5) were higher than by plot (Table 4) , for covering the spectrum of germination conferred by the three plots with different qualities. However, this variation was uniform for all laboratories, indicating that the proposed method for testing seed germination of species of the family Fabaceae was reproducible. The coefficient of variation is a comparative measure of the existing variability between two experiments regarding factors that are not controlled, but never on the quality of the assay (Ranal and Santana, 2000) . The differences in the magnitudes of lab coefficient of variation among species occurred primarily due to differences among plots. Lab coefficients of variation for normal seedlings of Parkia pendula were the highest among the species, but such results cannot be associated with the species. Variations in seed quality, from 19.3% (low quality) to 88.9% (high quality), have overestimated the coefficient of variation. In contrast, Schizolobium parahyba var. amazonicum low lab coefficients of variation were due in part to smaller difference in the quality of plots (from 97.7 to 65.7%). 
Conclusions
For normal seedlings of 20 Brazilian forest species, the coefficients of variation vary from low (up to 9.84%) to medium (up to 17.66%), contrary to what is expected from the great genetic diversity of these species.
The increased coefficient of variation is not related to the treatment of seed dormancy overcoming, however, it increases as plot quality decreases.
The high coefficients of variation estimated by laboratory, and overestimated by the effect of plots, are uniform, which indicates that the methods are reproducible. The coefficient of variation is no evidence capable of predicting the heterogeneity of variances and, consequently, there is a need to transform data.
Randomness is present in the process of method validation of the 20 forest species of the family Fabaceae, due to the normal distribution of residuals.
